The correlation between dental caries and the number of oral mutans group streptococci (ms) present has been shown to be weak. The aim of this investigation was to study associations between caries experience (decayed, missing, and filled surfaces [dmfs]) and the number of ms in stimulated saliva, with emphasis on the level of disease and the confounding effect of regular intake of sweets, the presence of salivary lactobacilli, and oral hygiene. In some 2,700 4-to 5-year-old South African children of different ethnic origins, caries was diagnosed on the basis of World Health Organization criteria and saliva samples were analyzed for ms after cultivation on mitis salivarius-bacitracin agar and for lactobacilli by using the Dentocult kit. Oral hygiene was scored on the basis of the Greene and Vermillion simplified debris index, while data on intake of sweets were derived from extensive interviews. Pearson's coefficient of correlation was computed, and multiple regression analysis was performed to correct for confounding factors. The distribution of the children in the eight caries classes was strongly associated with the ms class (P < 0.001), with those in the lower ms classes generally having low dmfs scores and those in the higher ms classes having dmfs scores distributed over the whole range. The r value for the two variables was 0.25 for the total material; this was reduced to 0.18 by correction for confounding factors. The corresponding values for children with caries were 0.21 and 0.17, for those in the 1 to 6 dmfs interval they were 0.07 and 0.03, and for those in the 7 to 81 dmfs interval they were 0.16 and 0.14.
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The data imply that the explanatory values of ms, those for the lower caries interval not counted, ranged from 6 to 2%. The unexpected results for children with caries might be due to their distribution pattern. It is concluded that there is a need for reevaluation of ms as a risk factor in dental caries.
Mutans group streptococci have been said to be strongly associated with dental caries, particularly in the initial phase of development of the disease (9, 10, 15, 25) . Results from studies on animals support such a theory (1, 5, 28) , which is widely accepted by the scientific community. A large number of clinical studies have further reported positive associations between caries prevalence or incidence and the number of mutans group streptococci in stimulated saliva or dental plaque, both at group levels and in correlation studies with r values ranging from very low up to about 0.35. Sullivan et al. (21) reviewed this literature but questioned the clinical significance of bacterial counts at group levels. They also indicated that interpretation of results of statistical significance in correlation studies might have been exaggerated. In their own study, one group of Swedish children was examined yearly from ages 5 to 7 and another group was examined from ages 12 to 14. Coefficients of correlation were computed before and after correction for the confounding effects of oral hygiene and lactobacilli by subgroup analysis.
The study showed the association between caries incidence and bacteria in saliva to be weak at the individual level. The variation of caries could, at most, be explained to only 6% by variation of the mutans group streptococcal count, a value that was considerably reduced after correction for the two confounders.
The numbers of subjects in the study groups of Sullivan et al. (21) were only 87 and 118, as a result of which some subgroups were quite small. In a recent study (7), we * Corresponding author.
therefore analyzed four large samples of 4-to 5-year-old South African children from three ethnic groups, about 700 in each, to see whether the figure of 6% could be improved. In simple linear correlations between caries prevalence and mutans group streptococcal counts, the explanatory values were between 3 and 11%. In multiple regression analyses that included five other potential etiological factors, the values were reduced, ranging from 2 to 6% as a result of interaction between the independent variables. Convinced that the correlation between caries and mutans group streptococci is weak, even for large numbers of subjects, we felt that the next step, after pooling of all children, since little variation between the ethnic groups was found, would be to examine different groups with caries, i.e., after exclusion of caries-free individuals. It could be that the correlation between caries and mutans group streptococci is higher in such groups, particularly if the subjects are in a caries-active stage. Furthermore, since lactobacilli and oral hygiene were the only additional factors that had shown a statistically interesting association with mutans group streptococci (7), it could be of value to include these factors in the study of the different caries groups, as well as regular intake of sweets and snacks, which has also proved to be related to mutans group streptococci (23) .
The purpose of the present study was thus to examine associations between caries prevalence and salivary mutans group streptococcal counts in preschool children, with particular emphasis on the level of disease and the confounding effects of regular intake of sweets, the presence of salivary lactobacilli, and oral hygiene, by using the same large data base as previously. Because of the young age of the subjects, those with caries were considered to be a caries-active group, although the data were from a prevalence study, particularly since caries was mostly untreated.
Dental caries. The children's teeth were examined with a mirror and a sharp probe on the basis of World Health
Organization (26) 
RESULTS
The distribution of caries is presented in Fig. 1 , and that of mutans group streptococci is presented in Fig. 2 . Both variables were typically skewed. About 70% of the children had c6 dmfs, and 60% had detectable mutans group streptococci at 105 CFU/ml of saliva. In Table 1 , the data on the children are cross-tabulated with regard to the two variables. While the distribution in caries classes was extremely skewed for bacterium class 0, there was a uniform distribution for the highest bacterium class. Statistically, the interdependence between the two variables was highly significant (P < 0.001). Table 2 shows the correlation between the two variables for different caries intervals before and after correction for confounding factors. The highest r value (0.25) was for the total material before correction, and the lowest (0.07) was for the 1 to 6 dmfs interval. The r values were all reduced by 13 to 57% after correction. All r values but one were statistically significant.
DISCUSSION
Estimation of the number of cariogenic bacteria in stimulated saliva has been used for prediction of dental caries for decades. It has been considered a reasonable measurement of the microbial load of the entire dentition, since saliva does not contain cariogenic bacteria per se, and a more practical measure in the clinical situation than sampling of bacterial plaque from tooth surfaces.
This study of preschool children confirms the finding in recent incidence studies of 5-to 7-and 12-to 14-year-olds (21) and of 15-to 18-year-olds (23) that only 6% of the variation of caries can be explained by the variation of salivary mutans group streptococci in randomly selected materials. This value was further reduced to 3% after correction for the confounding effects of intake of sweets, presence of salivary lactobacilli, and oral hygiene, which also is in accordance with the above-mentioned studies.
The remarkable result was that the correlation value for caries and mutans group streptococci was lower in the 1 to 81 than in the 0 to 81 dmfs interval and even lower in the 7 to 81 dmfs interval. It might be due to the more skewed distribution of subjects in dmfs classes for lower bacterium classes than for higher bacterium classes. This implies that low counts of mutans group streptococci are more indicative of low caries levels than high bacterial coun'ts are of high levels, a conclusion that also can be derived from prediction studies. Almost invariably, specificity values are higher than sensitivity values (12, 17, 20, 22, 24) . The explanatory value (r2) of mutans group streptococci ranged from 2 to 3% after correction for confounding factors (excluding those children with dmfs scores of 6 or less).
High that for humans, group mean values usually correspond to caries mean values and also to intake of sugar-containing products, which is demonstrated in Table 3 , although high counts of bacteria have been found in younger teenagers with low caries prevalence (2) . Consumption of sucrose has been said to facilitate oral implantation of mutans group streptococci in humans (13) . At the individual level, however, Sundin and Granath (23) reached a coefficient of only 0.34 for the correlation between the number of salivary mutans group streptococci and the frequency of regular intake of sweets.
There are a few studies indicating that higher correlation figures might be obtained in selected groups. Thus, Zickert et al. (27) found an r value of 0.53 for the correlation between the 3-year caries incidence in a group of children initially aged 13 to 14 years and the duration of mutans group streptococcal colonization above a threshold value of 250,000 CFU/ml of saliva. Furthermore, Sundin and Granath (23) calculated an r value of 0.57 for the caries incidence in 22 teens from 15 to 18 years of age and the mean values of their respective salivary counts of mutans group streptococci estimated at the start and at the end of the period. All 22 children were characterized as having poor oral hygiene and a high regular intake of sweets, thereby constituting a high caries risk group. The generality of these results is, however, not clear.
The overall low predictive power of mutans group streptococci in randomly selected groups, accentuated in subjects with caries, speaks for the need for some kind of reevaluation of this risk factor. First of all, the multifactoriality of the disease, including the potential action of several species of acidogenic and aciduric microorganisms, should be seriously considered. A unique specificity of mutans group streptococci has never been proved in observational studies. Another aspect is that the way we sample and estimate the bacteria might not be representative with regard to the role they play in the complicated ecology of dental plaque. Both aspects should challenge the scientific community.
